Background: Eating and drinking are enjoyable activities that positively impact on an
| SWALLOWING
Classically the process of swallowing can be described as having three components. These are the oral, pharyngeal and esophageal phases of the swallow. 7 The oral component is voluntary and involves the lips, teeth, muscles of mastication and tongue and can be subdivided into two or more stages; the oral preparatory stage and the propulsive stage. With respect to fluids the oral preparatory phase is relatively simple requiring the initial containment and positioning of the ingested fluid before its subsequent aboral propulsion. With more solid foods requiring mastication, the oral preparatory phase is more extensive. This is because mastication requires food to be transported around the oral cavity to the teeth to be broken down bolus toward the pharynx. 8 The end product of this initial phase is the formation of a bolus. The latter two stages of swallowing are considered increasingly automatic and in some aspects more involuntary. 7 The involuntary stages of swallowing can be initiated by stimulating the superior laryngeal nerve (SLN), a branch of the vagus nerve. 7, 9 Alternately, the process of swallowing has been described in terms of two phases: oropharyngeal and esophageal. The reason for this change in classification is because the pharyngeal phase of swallowing relies on some muscles of the oral cavity such as the supra-hyoid muscles and the tongue. 7 Therefore swallowing can be thought of as comprising two phases: the first of which has an initial voluntary component, the second (pharyngeal) component being more reflexive.
| Anatomy and physiology
The first phase of swallowing involves mastication and the formation of a bolus. This process is aided by saliva. Saliva has many beneficial physiological properties. In the context of swallowing, it helps soften and dissolve food thereby easing mastication. It also serves to lubricate and facilitate the passage of the subsequently formed bolus into the pharynx. 10, 11 The physical act of crushing and altering the consistency of ingested food is made possible by the teeth jaws and the muscles attached to the mandible. An adult human has 32 permanent teeth.
12
Their primary function is to slice, grasp and grind ingested food with the aid of saliva. They also contribute to the articulation of words when speaking. 12 Teeth are characterised as either: incisors, canines, premolars or molars. Incisors help slice food, while the other categories help grasp and grind food. All teeth are innervated by the maxillary and mandibular branches of the trigeminal nerve. 12 The muscles of mastication include the: temporal, masseter, lateral, and medial pterigoids. 12 All muscles are innervated by the mandibular branch of the trigeminal nerve. 12 The medial pterygoid, temporal, and masseter act to close the jaw. 12 The lateral pterygoids act to depress the chin when they contract bilaterally but unilaterally act to move the jaw toward the contralateral side. 12 The mandible interacts with the temporal bone at the temporomandibular joint. 12 During this process the lips are kept closed by the actions of the orbicularis oris, the buccinator, the risorius and the depressors and elevators of the lips. 12 These muscles are innervated by the facial nerve (CN VII). 12 After mastication the tip of the tongue makes contact with the anterior aspect of the hard palate. Muscular contraction then causes increasing amounts of the tongue to make contact with the palate moving from the anterior to posterior aspect of the pharynx. 8 This causes the food bolus to be pressed against the hard palate and pumped backwards toward the pharynx. 8 This movement is possible because the tongue is a complex and highly maneuverable muscular organ composed of both intrinsic and extrinsic muscles.
Intrinsic muscles attach to other muscles in the tongue and include the superior and inferior longitudinal, vertical and transverse muscles.
The extrinsic muscles attach to structures such as the hyoid bone, the styloid process, and aponeuroses and include the: hyoglossus, styloglossus, genioglossus, and palatoglossus. 12 The tongue is a muscular hydrostat. 13 Due to the high water content of muscle it is essentially incompressible. This means each contraction from each of its component muscles results in an equal degree of contralateral extension so as to keep the tongue's overall volume uniform. This results in increased maneuverability. 13 The soft palate plays an important role in the oral phase of swallowing. It is composed of five muscles. These are the: tensor veli palatine; palatoglossus; palatopharyngeus; levator veli palatine;
and musculus uvulae 12 (Table 1) . During the process of swallowing the soft palate elevates and makes contact with the nasopharynx, sealing it and preventing the reflux of food or fluids into the nasal cavity. 8 The pharynx is a muscular chamber with two important but separate functions, namely respiration and the ingestion of food and liquids. During the process of swallowing the pharynx must reconfigure itself from an organ of respiration to one of food transport. 1, 4 The first
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superior/middle/inferior constrictors, palatoglossus, and palatopharyngeus. 7 This sequence of muscle contractions has been described in literature as the initiating swallowing complex. The process of sequential muscular activity continues with the contraction of the middle and inferior pharyngeal constrictors respectively. In the non-swallowing state, the UES is kept closed by the tonic constriction of the cricopharyngeus. 7 However, once the process of swallowing has begun this relaxes until the bolus has reached the esophagus. 7 The relaxation and subsequent opening of the UES occurs in two stages. When the pharyngeal phase of swallowing is initiated there is a temporary inhibition of signals from the vagus nerve to the muscular complex which forms the UES. This results in a reduction in sphincteric tone. [14] [15] [16] Subsequent to this initial relaxation, vagally mediated contraction of the suprahyoid muscles causes further reduction in sphincteric tone and opening of the UES. This serves to further facilitate bolus passage. As the bolus
transits through the open UES its transient reduction in tone ceases and its high resting tone is restored. [14] [15] [16] The diagram below is an illustrative adaptation of an electromyogram detailing muscle activity in the submental; superior pharyngeal constrictor, thyroarytenoid, and cricopharyngeus muscles over the course of a swallow (Figure 1a ,b).
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As can be seen there is initial contraction of submental muscles followed swiftly by contraction of the superior pharyngeal constrictors.
There is subsequent thyroarytenoid contraction illustrating the conversion of the pharynx to an organ of muscular transport. During this time it can be seen that the cricopharyngeus is relaxed. Tonic contraction only resumes in the intervals between swallows. The UES can be influenced in health (and in OPD) by a number of different factors. In an early study examining 10 healthy individuals using videofluoroscopy (VFS) and manometry, the mean flow rate of matter through the UES was found to be influenced by the volume and viscosity of the 12 bolus being swallowed. 18 It was found that barium prepared to thin liquid viscosity flowed faster through the UES compared to barium prepared to paste viscosity. 18 The 
| Neuroanatomy
The neuroanatomy of the oropharyngeal phase of swallowing can be subdivided into three categories for ease of understanding. These are:
afferent neurons, interneurons, and efferent neurons. However, it must be noted that while a cranial nerve may have a predominantly afferent or efferent role, most have both sensory and motor components.
| Afferent neurons
Neuroanatomically, the oropharyngeal phase of swallowing is highly complex and less "automatic" than the esophageal phase of swallowing. 7 This is due to the high degree of conscious control of the initial oral phase of swallowing. There is integration and overlap of the oral neuronal pathways with the subsequent pharyngeal pathway.
Cranial nerve (CN) V (trigeminal) provides sensory information from the mouth while CN VII (facial), IX (glossopharyngeal), and X (vagus)
provide pharyngeal sensory information. 12, 23 The SLN is a branch of the vagus nerve (CN X) formed from the inferior ganglion of CN X (vagus) at the level of the second cervical vertebrae. It splits into an external and an internal branch at the level of the third cervical vertebrae. 12 The external laryngeal nerve is a predominantly motor nerve and supplies the cricothyroid muscle while the internal laryngeal nerve is predominantly sensory and supplies the pharynx and superior region of the larynx. 12,24 CN VII (facial) and IX (glossopharyngeal) also have additional special sensory roles in providing taste fibers to the tongue. The facial nerve supplies fibers to the anterior two-thirds of the tongue and the glossopharyngeal nerve to the posterior third.
12
These afferent neurons supply information to the nucleus tractus solitarius (NTS), a sensory relay within the medulla. 7 Non-invasive studies using electrodes to stimulate specific regions within the brain in an attempt to initiate the rhythmic neuronal activity characteristic of swallowing, have identified the NTS as the region where swallowing can be induced. 25, 26 The NTS was further confirmed to initiate neuronal swallowing activity within the central nervous system (CNS) through animal studies which injected excitatory amino acids (EAAs)
into defined regions of the brain to stimulate rhythmic neuronal firing. 27, 28 Lesions of the NTS prevent afferent impulses to the SLN from initiating swallowing. 7 The NTS communicates with swallowing neurons in the region of the nucleus ambiguous. 29 These neurons then drive the motor neurons and the subsequent orderly pattern of muscle contraction needed for oropharyngeal swallowing to occur. This network of connecting neurons within the medulla oblongata is called the central pattern generator (CPG). 5, 7 Two CPGs exist, one on either side of the medulla oblongata. They operate in tight synchrony and can be considered a single functional unit. Each half of the CPG is supplied by afferent nerve fibers from the ipsilateral side of the mouth and pharynx, for example the ipsilateral branches of the SLN 14. 
| Interneurons
Synchronicity is achieved between the two halves of the CPG through communication via swallowing interneurons. The CPG is the principal orchestrator of swallowing but can be modified by inputs from cortical and subcortical areas of the brain. 
| Efferent neurons
The motor neurons identified as coordinating oropharyngeal swallow- 
| Innervation of the salivary glands
There are three main pairs of salivary glands. These are the parotid, submandibular and sublingual glands. 31 The salivary glands receive parasympathetic and sympathetic innervation. Parasympathetic neuronal impulses cause an increase in saliva secretion while sympathetic impulses cause the secretion of more viscous saliva. 10 The parotid salivary glands are supplied by parasympathetic nerves from the glossopharyngeal nerve while the submandibular and sublingual glands are parasympathetically innervated by the trigeminal nerve. Sympathetic fibers from the superior cervical ganglion innervate all three pairs of salivary glands. provides sensory innervation to the pharynx. 12 Lesions to CN X (vagus) can result in motor and sensory effects affecting swallowing. 32 Damage to motor fibers negatively affects pharyngeal muscle contraction. In addition the SLN serves to initiate the process of pharyngeal swallowing. 7 Damage to sensory fibers can affect the initiation of the pharyngeal phase of swallowing. 7 CN XI (hypoglossal)I supplies the muscles of the tongue. 12 Damage has a significant negative impact on tongue movements thereby affecting bolus positioning and propulsion. 32 
| VARIATIONS TO THE NORMAL SWALLOW
The process by which a bolus is transported toward the pharynx in health can vary. Two variants of normal swallowing exist. These are namely "tipper swallowing" and "dipper" swallowing. 33 Tipper swallowing is the most common form of swallowing in healthy individuals with one study showing tipper swallows in 72% of its 258 participants. 33 It involves the ingested food or fluid being held on the superior surface of the tongue with the tip of the tongue in contact with the maxillary incisors or held against the beginning of the hard palate. 33 When swallowing occurs the tongue is pressed against the palate and contracts forcing the bolus over its surface in an anterior to posterior direction toward the pharynx. 33 The dipper swallow differs from the tipper swallow as at the beginning of the swallowing process the bolus is largely within the anterior sublingual meatus, with the tip of the tongue above it. When swallowing occurs the tip of the tongue dips below the bolus and lifts it onto the tongue's anterior surface. From this point the dipper swallow proceeds in an identical way to the tipper swallow. 33 The dipper variant of swallowing has been observed to occur in a significantly greater proportion of patients over 60 years old. 33 
| FUNCTIONAL IMPAIRMENT ALONG THE SWALLOWING PATHWAY
For ease of understanding and categorization, the functional problems affecting the oropharyngeal phase of swallowing can be split into oral problems and pharyngeal problems.
| Oral impairment
During the oral phase of swallowing food is contained in the mouth before being prepared into a form that can be easily swallowed.
Depending on whether fluids or foods are ingested, this is either a two or four step process. The oral phase of fluid ingestion is relatively simple and occurs in two steps. When fluids are ingested, the fluids are held in the anterior aspect of the mouth before being propelled toward the pharynx. The ingestion of food is more complex and can be viewed as a four step process. This requires closure of the mouth and retention of food; mastication; the formation of a bolus by muscles of the oral cavity using saliva and the positioning of the bolus at the faucal pillars. 8 Sensory information from the oral cavity provides the information needed for bolus preparation to occur. 7 Weakness of the tongue and other muscles of the oral cavity or loss of oral sensation can impair either or all of these oral preparatory and propulsive stages. This can result in (premature) spillage of food from the mouth, improper bolus formation or inadequate bolus positioning.
8,32
| Pharyngeal impairment
As mentioned above, the pharynx is a muscular organ used for both breathing and the transport of ingested matter. Due to its dual use it must be safely configured from an organ of respiration to one of transport.
| Transport problems
The tongue provides the initial push forcing the bolus into the pharynx. 34 At this point, sensory information is conveyed to the CPG via the SLN to initiate the pharyngeal swallow. 29 Failure of sensory information to reach the CPG can impair this phase of swallowing. Weakness or incoordination of the muscles of the pharynx can result in slowed bolus transit across the oropharynx or food residue remaining in the oropharynx. 32 Studies have shown that both of these factors increase the risk of aspiration. [35] [36] [37] Pharyngeal muscle weakness can also cause backflow of food and fluids into the nasopharynx due to inadequate muscular sealing. 
| Obstruction
The bolus must now pass through the UES to transition from the pharynx to the esophagus. 38 As previously explained this requires: vagally mediated relaxation of the UES; contraction of suprahyoid muscles to facilitate opening of the sphincter and finally propulsion from pharyngeal muscles. 8, 32 Problems with any of these steps can cause obstruction. Lesions to CN X (vagus) can cause hypertonicity of the UES. Increased UES tone can also be caused by scarring or fibrosis. 32 Muscle weakness can cause poor UES opening or inadequate pharyngeal propulsion of the bolus.
14,39
| Failure of airway protection
Muscle weakness and incoordination can often prevent the pharynx fully transitioning from an organ of respiration to one of transport.
This causes failure of a normally prompt and complete closure of the LV and subsequent aspiration. 
| Co-ordination of breathing and swallowing
As previously described, the pharynx is an organ with two separate functions. Greater understanding of the complex interplay between the neurological cascades required for swallowing and respiration has developed over several decades involving both animal and human studies. An early animal study showed that during the process of swallowing there is inhibition of the activity of inspiratory neurons. 40 A later study by Sumi et al.
confirmed the earlier findings of inspiratory inhibition with swallowing initiation. 41 However, this study also went further to demonstrate that there was a complex overlap between the swallowing and respiratory neuronal systems. 41 For example, in normal circumstances, swallowing usually inhibits inspiration but when hypoxia and hypercarbia are present swallowing ceases to inhibit inspiration as breathing is prioritized.
These findings have been confirmed in more recent research.
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This co-ordination between swallowing and respiration has been observed to break down in some circumstances. Chronic obstructive pulmonary disease (COPD) is a respiratory disease characterized by lung damage and chronic changes to pulmonary airflow and gas transfer. A study by Cvejic et al. showed patients with exacerbations of COPD have a significant delay in the swallowing reflex. 43 This phenomenon is thought to explain the finding of a greater frequency of high penetration-aspiration scores in patients with COPD compared to those without disease.
| EPIDEMIOLOGY
Unfortunately as OPD is not a distinct disease, but rather a symptom of many disease processes, information available regarding epidemiology is inconsistent.
Due to the importance of OPD and subsequent aspiration in patients following strokes, the greatest body of epidemiological work has been done in this field. Numerous studies have established that OPD is a very common complication following a stroke. However, depending on the studies examined, its incidence ranges from 29% to over 80%. 44, 45 Factors explaining this wide range include the severity of the stroke, its location and how it is diagnosed. OPD has also been shown to be common in various neurodegenerative diseases. In the general population, estimates of OPD also vary widely. In an Australian study examining the incidence of OPD, 1000 randomly selected individuals were sent questionnaires with which they were to assess subjective symptoms suggestive of dysphagia. 1 16% of respondents stated they had suffered from at least one episode of OPD. 2 In a similar questionnaire based Swedish study of 556 individuals 20.9%
of respondents reported globus like symptoms while 1.6% reported obstructive symptoms. 3 OPD is recognized to be a common problem affecting elderly patients. Studies have shown that over 60% of elderly patients in nursing homes subjectively complain of OPD. 
| CAUSES OF DYSPHAGIA
When classifying the cause of OPD by underlying pathology, the disruptions affecting each stage of the swallowing process can be broadly grouped into mechanical, neurological, or neuromuscular problems. This can be seen in Table 2 . Osteoarthritis of the temporomandibular joint can cause severe pain when masticating. 12 This can impair the formation of a food bolus and cause OPD.
| Teeth
Pathology affecting teeth can also affect the process of mastication. Potential pathology includes: missing teeth following trauma, iatrogenic input or infection or pain secondary to trauma or caries. 
| Obstruction
Obstruction due to any cause in oral cavity or pharynx can impair the transport of a bolus. There are multiple iatrogenic and non-iatrogenic causes of obstruction. These include:
Stenosis
Stenosis of the pharynx is caused by variety of reasons. Scarring and subsequent pharyngeal narrowing can occur after: radiation to the head and neck or injury to the pharynx due to the ingestion of caustic or hot substances. 32 Dilation of the stenosis or surgical reconstruction can overcome the obstruction.
54
Tumors of the head and neck
Tumors affecting the head and neck have the potential of causing OPD. 55 This can occur in two distinct ways. Firstly the presence of a tumor can obstruct the oral cavity or pharynx and impair bolus formation or movement. 56 Tumors can also cause direct damage to the nerves of the oral cavity or pharynx. This in itself can impair oral bolus formation or initiation of the pharyngeal phase of swallowing. 32 
Foreign bodies
The ingestion of foreign bodies can cause obstruction of the oral cavity and pharynx. This can be resolved by the removal of the occluding object. 
T A B L E 2 Common causes of oropharyngeal dysphagia
Diseases of the CNS
Trauma
CNS tumors
Neuromuscular Aging
Myasthenia Gravis
Critical illness and sepsis
Diseases of the muscles
It is important to note that while xerostomia can be a cause of dysphagia, it is rarely a cause in isolation. It instead often acts as a contributing cause to OPD.
| Pharyngeal diverticula
A pharyngeal diverticulum is a herniation of tissue between two muscles which form the inferior pharyngeal constrictors. 12 These are the thyropharyngeus and cricopharyngeus muscles. 12, 57, 58 The herniation occurs at a point of weakness between the two muscles caused Killian's Dehiscence. A diverticulum has the potential to retain food and fluids post swallow and can increase the risk of (postdeglutitive) aspiration.
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| Xerostomia
Individuals with an abnormally low volume of saliva are classified as having xerostomia. 60 Xerostomia impairs the oral phase of swallowing. 61 Importantly, while xerostomia often acts as a contributing factor to OPD, it rarely causes OPD in isolation. This difficulty has been shown to negatively impact patient's nutritional status. Furthermore, due to the loss of the antibacterial protection that saliva affords, patients with xerostomia are more at risk from aspiration pneumonia if aspiration occurs due to a higher oral bacterial load. 
| Iatrogenic
| Medication
Chemotherapeutic agents
The term mucositis is used to describe ulcerated or erythematous areas of mucosa which occur secondary to either chemotherapy or radiotherapy used for the treatment of cancer. 66 These areas of mucositis are often painful and if they occur in the oral cavity can impair the oral phase of swallowing. Antipsychotic medications act on dopaminergic neurons within the brain. 70 These neurons are an integral part of the extrapyramidal nervous system which regulates and orchestrates motor neurons supplying oral and pharyngeal muscles and coordinating their synchronous contraction. 7 As a result of this, antipsychotic medication predominately has an effect on the oropharyngeal phase of swallowing. 71 Multiple studies have shown that elderly patients are more at risk of extrapyramidal side effects including dysphagia than younger individuals.
Studies have shown the use of both typical and atypical antipsychotics such as haloperidol and risperidone cause OPD. 72, 73 In addition antipsychotics have been shown to increase the risk of aspiration. 74 The table below details some of the common classes of medication with the potential to cause OPD (Table 3) . 42 
Sedatives
Sedative medications have the potential to cause OPD. 75 This most commonly occurs due to a reduction in an individual's level of consciousness. 76 This impairs the initial voluntary phase of swallowing. Mastication, bolus formation, and lastly the adequate positioning of the bolus at the entrance to the pharynx are all negatively affected. 44 Interestingly opiate medication has been shown to cause esophageal dysmotility. 77 This is thought to be caused by opiates binding to opiate receptors in the gastrointestinal tract. 77 This is analogous to their well-known constipating effect caused by a slowing of intestinal activity. 77 Despite their deleterious effect on esophageal motility, no studies have been done showing opiates cause pharyngeal dysmotility.
| Surgery
Surgical or radiological treatments to the head and neck for example for tumors can themselves damage oral and pharyngeal structures and cause obstruction, xerostomia, or muscular incoordination.
78,79
Xerostomia can be caused following head and neck surgery due to damage to or removal of salivary ducts, salivary glands, or the nerves supplying them.
55,56
| Radiation
Radiotherapy to the head or neck can damage salivary glands and cause xerostomia. 80 Studies have shown that radiation induced salivary gland dysfunction is often irreversible and is due to apoptosis in exposed cells. 81 However, if the total radiation dose to the salivary glands is less than 25 Grays, there is potential for some recovery in saliva production. 82 Stenosis can also be caused following radiotherapy to the head and neck administered to treat malignancy. 83 
| Neurological
| Cerebrovascular accidents
Cerebrovascular accidents (CVAs) also known as strokes are the most common cause of OPD of acute onset. 49, 84 Unfortunately the majority of patients who have had strokes are unaware of their dysphagia and attempt to eat and drink as normal. 84 This has the potential for clinically adverse outcomes.
The location of the stroke can influence the type of dysphagia which is likely to occur. Strokes of the cerebral cortex can cause both oral and pharyngeal dysphagia. 85 However, their effect on the oral phase of swallowing is thought to be due to the resultant loss of cortical modulation of the oral swallow. This can cause problems ranging 42 from the inability to retain food within the mouth to incoordination of the tongue. 85, 86 Conversely strokes of the brainstem can often cause disruption to the pharyngeal phase of swallowing due to the damage to: the NTS, the CPG, swallowing interneurons and or efferent motor neurons.
Mechanism of action Classes of medication Examples
Xerostomia inducing medications
T A B L E 3 Common classes of medication with the potential to cause OPD
85
Experiments utilizing the non-invasive technique of transcranial magnetic stimulation (TMS) to map neuronal connections from the motor cortex to identified target swallowing muscles have identified asymmetrical cortical representation of pharyngeal swallowing musculature. 87 This indicates that individuals have a dominant and nondominant hemisphere with respect to swallowing. 87 Damage to the dominant cerebral hemisphere is more likely to result in OPD and carries a higher risk of aspiration. By contrast, recovery post unilateral stroke is thought to involve compensatory changes of the contralateral (undamaged) hemisphere. gic neurons of the substantia nigra. 88 It is recognized by the presence of bradykinesia along with one or more of: Postural instability, rigidity, and a tremor. 88 Parkinsonism is the term used for the presence of these symptoms. Parkinsonism has long been known to cause OPD.
Studies have shown that the presence of OPD in PD can be as high as 82%. 47 Parkinsonism can cause OPD in various ways. These include:
• Bradykinesia: Bradykinesia is a key feature of Parkinsonism. It has been shown in various studies to cause a slowing of the unconscious pharyngeal reflex triggered when the masticated food bolus is pushed into the pharynx. 88 This increases the time it takes for the food bolus to transit the oropharynx thereby increasing the risk of aspiration.
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• Dystonia: Dystonia has been shown to cause impaired relaxation of the upper esophageal sphincter. 88, 89 Studies have shown impaired upper esophageal relaxation to be associated with OPD.
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• Dyskinesia: Dyskinesia results in uncoordinated contraction of the muscles of the oropharynx. 88 This increases the amount of pharyngeal residue within the esophagus thereby increasing the risk of aspiration.
84,89
Motor neuron disease
Motor neuron disease (MND) is an idiopathic, degenerative condition causing significant morbidity and mortality. 90 Amyotrophic lateral sclerosis (ALS) is the most common form of MND. 91 It results in damage to upper and lower motor neurons in the CNS. 49, 90 The hallmark of this disease is severe progressive muscle weakness. 49 Dysphagia related to upper motor neuron damage include jaw and tongue spasticity while lower motor neuron injury often leads to muscle atrophy. 92 Muscles of the oral cavity and pharynx are commonly affected leading to impaired bolus formation and transport. 32 When considering patients of both genders at all ages of presentation, 25% of patients with ALS present with bulbar symptoms. 98 Bilateral cortical activity is thought to be due to a degree of cortical swallowing specialization (or compensation) with the left hemisphere mostly influencing the oral phase of swallowing while the right hemisphere influences the pharyngeal phase. 93 The increased right sided activity was considered indicative of cortical compensation for pharyngeal dysphagia. 93 
Other diseases causing CNS lesions
Several other infectious and non-infectious diseases can cause CNS damage and subsequent OPD via the mechanisms described above.
These include: CNS tumors; trauma; encephalopathy (viral, bacterial or parasitic); tuberculosis affecting the CNS; and multiple sclerosis.
49
Reduced consciousness
Reduced consciousness can cause OPD. 75, 76 This is because reduction in an individual's level of consciousness impairs the cortical modulation of the initial oral phase of swallowing. 76 It is interesting to note the findings of studies which show that in deep sleep there is a significant reduction in an individual's rate of swallowing. 99 This explains the increased amount of salivary leakage from the mouths of sleeping individuals. 99 However, if the SLN, CPG, interneurons, and motor nerves are unaffected, the pharyngeal swallow can be spared. 7 It is interesting to note that while the pharyngeal swallow may not be directly affected-depending on the cause of the reduced conscious level-rapid propulsion of food and fluids through the oropharynx relies on adequate propulsive force applied by the tongue.
Without tongue propulsion it can be argued that bolus transit across the oropharynx would be prolonged therefore increasing the risk of aspiration.
Dementia and delirium
Dementia and delirium both have the potential to cause OPD. 46, 100 Delirium has the potential to cause OPD in two distinct ways. Firstly delirium can cause a reduction in conscious level thereby increasing the risk of OPD. 101, 102 However, delirium can also impair the voluntary oral phase of swallowing through its negative effect on higher cortical functioning. 5, 102 Different dementias tend to exert their malign effect on oropharyngeal swallowing through their neurodegenerative effect on higher cortical functioning. 46, 102, 103 However, Lewy body dementia also leads to Parkinson's like oropharyngeal muscle dysfunction. 
| Neuromuscular
| Myasthenia gravis
| Other diseases of the muscles
Several intrinsic muscle diseases can affect the muscles of the mouth and oropharynx and cause OPD. These can be congenital or acquired.
Diseases include: polymyositis, dermatomyositis, and muscular dystrophy.
84,107
| Aging
The effects of aging result in changes to the oropharynx which affect the process of swallowing but are not pathological. This is termed presbyphagia. 1, 22 Studies have shown a decrease in tongue muscle mass in elderly patients. 108, 109 This is thought to reflect the wellknown phenomenon of decreased skeletal muscle mass in the elderly, also known as sarcopenia. Studies have shown that as a result of decreased tongue muscle mass, lingual pressure generation declines with age. 108, 110 In addition tongue pressures are generated over a longer period of time. The effect of this is to prolong the oral phase of swallowing. 110 Studies have also showed that the pharyngeal phase of swallowing is significantly prolonged in the elderly.
there is a slowing of LV closure and UES relaxation compared to younger individuals. This prolongation is thought to be partly due to age related neuronal loss in the brain and tissues causing impaired sensation, brain processing, and muscular coordination. 111 In addition, age-related sarcopenic changes have been described that affect the muscles of the oropharynx. 5 An example of this is a study which compared CT images of the geniohyoid muscle bulk of healthy elderly individuals (average age 78), with healthy young people (average age 32).
The study showed a significant decrease in geniohyoid muscle bulk in the elderly group compared with the younger group. 112 Several studies have shown that the UES has a narrower opening diameter during swallowing in the elderly compared to the young. This is thought to be due to muscle weakness. 113, 114 Studies have shown increased post swallow pharyngeal residue in elderly patients. The end result of all these changes is to reduce the functional swallowing reserve of the healthy older individual. Presbyphagia is thought to explain why the elderly are more at risk of dysphagia than their younger counterparts. 1 The overall slowing of the swallowing process and delay in LV closure leaves boluses in front of the unprotected airway for longer. 5, 21 A recent study has shown that the prevalence of symptoms of dysphagia in healthy elderly individuals is 13%. 
| Critical illness and sepsis
Critical illness is a key cause of muscle atrophy. Several changes to normal physiology are found during critical illness which together can cause decreased muscle mass. 116, 117 These changes include increased energy requirements on a background of decreased food intake; inactivity, increased levels of inflammatory cytokines; neuronal loss, and the sepsis itself. 118, 119 There are several neuromuscular changes that also take place due to sepsis in critical illness. 120 Various catabolic stimuli including sepsis can cause muscle atrophy. 121, 122 Atrophy related weakness occurs in two ways. There is degradation of the contractile myofibrillar apparatus which causes a reduction in strength. In addition degradation of mitochondria by autophagy causes decreased aerobic endurance. 122 The systemic inflammation caused by sepsis results in increased levels of inflammatory cytokines such as tumor necrosis factor alpha and interferon gamma. 118, 119, 122 This in combination with other atrophic factors such as sepsis mediated glucocorticoid release influences the activation of the ubiquitin proteasome system (UPS). The UPS breaks down myofibrils.
In addition to its wasting effect on musculature, sepsis has been identified as a cause of polyneuropathy in critically unwell individuals. This is thought to be due to inflammatory axonal injury caused as part of the systemic inflammatory response of sepsis. 
| MECHANISMS OF NEUROGENIC DYSPHAGIA AND IT'S RECOVERY
In 1996 a study was conducted to establish the topographical cortical representation of the human esophagus. 124 Ten healthy volunteers were selected and TMS was used to stimulate 1 cm areas of the cortex. Both hemispheres were stimulated in turn. Esophageal response was measured 2 cm below the UES. It was found that esophageal responses were caused by stimulation of either the right or left cerebral hemisphere. The area of representation was thought to be in either the anterior motor or premotor cortices. In addition the area of greatest response was found to be asymmetrical being greater in the right hemisphere than the left in most subjects. 124 Later that year another study was published where TMS was used to study the cortical topographic representation of oral, pharyngeal and esophageal musculature in 20 healthy individuals. 125 In addition to this the topography of pharyngeal musculature was studied in two patients with stroke. Similar to the first study, it was found that the cortical representation of swallowing musculature was located in the premotor or motor cortices, was discreet and bilateral but showed some asymmetry. Interestingly in the dysphagic stroke patient studied the pharyngeal cortical area was noted to have reduced in size.
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In a study published in 1997 positron emission tomography (PET) was used to identify the regions within the brain that are responsible for painful and non-painful esophageal stimulation in humans. Eight healthy individuals were selected and an inflatable balloon used to induce either non painful sensation or painful sensation. 126 PET was performed for each sensation. Magnetic resonance imaging brain scans were also performed for each individual and used to confirm the locations identified by PET. Non painful sensation was found to bilaterally activate the operculum, primary somatosensory cortex, and insula. Painful sensation affected the aforementioned regions and the anterior cingulate gyrus and right anterior insular cortex. 126 In 1998 a follow-on study was published showing how pharyngeal stimulation of eight healthy individuals causes increased excitability of the motor cortex and an increase in the cortical area of pharyngeal representation. 127 This effect lasted for at least 30 minutes after cessation of the stimulus (Figure 2 ). This study suggested that pharyngeal stimulation was a potential method for encouraging recovery of function in dysphagic patients (Figure 3 ). 127 One of the key findings of this and a follow-up study was sensory stimulation at certain parameters, can lead to increased activation of brain regions important to swallowing in health and dysphagic individuals with strokes. In dysphagic stroke patients, cortical activity was seen to be enhanced, mostly in the undamaged hemisphere. The result of this was an improvement in swallowing. 127, 128 Interestingly a similar increase in excitation of motor cortices could also be induced by direct hemispheric TMS. 129 Moreover, two later studies showed that the use of TMS to precondition the cerebellum could modulate the cortical pharyngeal response. 130, 131 This highlighted a role for TMS of the cerebellum being useful in promoting the recovery of dysphagia caused by neurological damage. In addition, 1-Hz repetitive TMS was shown to be able to create a virtual lesion in oropharyngeal cortical sites in healthy individuals. 132 The modification in swallowing caused by this process was shown to be similar to the changes in swallowing physiology caused by strokes. 132 These studies and others have laid the platform for a new era of neuromodulation to treat OPD in neurological conditions, and future trials of these approaches are awaited.
| CONCLUSION
Swallowing is a multidimensional complex process requiring the interaction and integration of conscious and semi-automatic systems along with the precise co-ordination of various muscle groups in the oral cavity and pharynx. Damage to any part of the process can result in decompensation and subsequent dysphagia. Decompensation can potentially be disastrous and if not promptly addressed can result in malnutrition, dehydration and aspiration.
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